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Introduction
Figures S1 and S2 provides additional information for Figure 1 and 3 in the main manuscript, respectively. Text S1 which includes Figure S3 provides additional information on the radiative kernels. Tables S1 and S2 give background information for Figure 4 in the main manuscript. Figure S1 . Radiative kernel simulations of rapid adjustments. Separate calculations of rapid adjustments of tas -surface temperature, ta_tr -tropospheric temperature, ta_st -stratospheric temperature, hus -water vapour, alb -surface albedo, cl -clouds. Simulations are made for ten PDRMIP models (numbered from 0-9), five PDRMIP climate drivers, and for five different radiative kernels (given in different colours). Simulations for 2xCO2, 3xCH4 and Solar are performed with MPI-ESM and BCx10 with ECHAM-HAM. 
Text S1:
Following the methodology outlined by Soden et al. (2008) and used by others (Block and Mauritsen, 2013; Pendergrass et al., 2018; Previdi, 2010) , we generated a new set of radiative kernels from the Oslo radiative transfer model (Myhre et al., 2002; Myhre et al., 2011) , which uses a discrete ordinate method for the shortwave radiative transfer scheme and a broadband emissivity/absorptivity model for thermal infrared radiation. The radiative transfer calculations were driven by meteorological data from the European Centre for Medium-Range Weather Forecasts (ECMWF) Integrated Forecast System (IFS), including surface temperature, surface albedo, and vertical profiles of air temperature, specific humidity and cloud properties. The data used was available at 3-hourly time steps with a T42 horizontal resolution (2.8° x 2.8°) on 60 vertical levels.
The surface temperature and air temperature radiative kernels ( Supplementary Fig.  3a,b) were calculated by saving TOA and surface LW and SW fluxes from a series of radiative transfer calculations with a uniform temperature increase of 1 K at the surface and at each vertical level, in succession. The fluxes were averaged to monthly-means and then differenced from unperturbed control fluxes to produce the final radiative kernel. For the surface albedo kernel ( Supplementary Fig. 3c ), a 1% uniform increase in surface albedo was imposed. The difference between the TOA and surface radiative kernels are the atmospheric radiative kernels used widely in this study. While the other radiative kernel sets described in Section 2 have been vertically interpolated to the standard 17 CMIP5 pressure levels (Taylor et al., 2012) , the Oslo radiative kernels were used on the native vertical levels. Model data used in tandem with the kernels was vertically interpolated accordingly.
No water vapor radiative kernels were developed with the Oslo radiative transfer model. Instead, water vapor adjustments were estimated with a partial radiative perturbation approach, whereby the base state of each PDRMIP model is run through the Oslo radiative transfer model. Additionally, LW and SW simulations with the Oslo radiative transfer model are performed for each of the PDRMIP climate drivers and PDRMIP models keeping all fields identical except varying water vapour fields. Cloud adjustments from the Oslo model were estimated with a similar methodology. Figure S3 . Annual, zonal-mean atmospheric (TOA -surface) a) air temperature, b) surface temperature and c) surface albedo radiative kernel based on the Oslo radiative transfer model 
